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* Based on data from the ARIC study of the National Heart, Lung, and Blood Institute, 1987-1994. Includes 

Americans hospitalized with definite or probable MI or fatal CHD, not including silent MIs. ACS indicates acute 

coronary  syndrome; MI, myocardial infarction; ARIC, Atherosclerotic Risk in Communities; and CHD, coronary 

heart disease. From American Heart Association. Heart Disease and Stroke Statistics—2003 Update.

Epidemiology of ACS in the United States

• Single largest cause of death

– 515,204 US deaths in 2000

– 1 in every 5 US deaths

• Incidence

– 1,100,000 Americans will have a new or recurrent coronary 

attack each year and about 45% will die*

– 550,000 new cases of angina per year

• Prevalence

– 12,900,000 with a history of MI, angina, or both

Slide reproduced with permission from Cannon CP.  Atherothrombosis slide compendium. Available at: 

www.theheart.org.



Heart Disease in Missouri

• Prevalence and Incidence

– Over 220,000 adults report a previous MI

– Increases significantly with age

– 15.6% of these adults are age 65 and older

– 15,4000 MI hospitalizations each year 1994-2005

• Mortality

– Diseases of the heart leading cause of death

– Underlying cause of 26.9% of all death

– 40 deaths each day, 14 from MI

Centers for Disease Control and Prevention.  Behavioral Risk Factor Surveillance System and Missouri Department of 

Health and Senior Services. (2007)  Heart Disease and Stroke data from Missouri Information for Community Assessment 

(MICA).  www.dhss.mo.gov/MICA
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Annual Admissions for Acute Coronary 
Syndrome (ACS)

1.4 Million
Non-ST-segment 

elevation ACS
AND GROWING!

600,000
ST-segment 
elevation MI

~ 2.0 MM patients admitted
to CCU or telemetry annually



Time Dependent:  
Emergency Evaluation of ACS 
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Circulation 2001;104:2632-2634.
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Lee et al, Circulation 1995; 91:1659-1668.

1 hr delay = 1% increase in mortality1 hr delay = 1% increase in mortality

Courtesy of CM Gibson

Importance of Time to Treatment



58 y/o male with hx of CAD who 
presents with chest pain



Improving D2B Times and Regional STEMI
St. John’s Mercy Heart Hospital, St. Louis



Video Introduction
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The Problem

Coronary heart disease (CHD) is the leading cause 
of death in the United States

Over 40% of myocardial infarctions occur in 
patients with no prior history of heart disease

Myocardial infarction or sudden cardiac death is 
the initial manifestation of CHD in over 33% of 
patients 

Over 300,000 Medicare patients are hospitalized 
for heart attack (acute myocardial infarction) 
each year.



Acute Myocardial Infarction (AMI) in Missouri

AMI is a leading cause of hospitalization and death 
among Medicare patients in Missouri.

In 1998 there were over 10,000 AMI inpatient 
stays in Missouri hospitals 

26% of AMI patients are re-admitted within 90 
days.

Mortality for this population = 26.7%.



PTCA, percutaneous transluminal coronary 

angioplasty.
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National Trends in AMI Management:
Hospital Length of Stay
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NRMI-2:  
Primary PCI Door-to-Balloon time vs. Mortality



The Lindner 

Center
Door to Balloon Time and Mortality: NRMI 3/4

McNamara et al.  JACC 2006;47:2180

P<0.001

http://content.onlinejacc.org/content/vol47/issue11/images/large/06006139.gr1.jpeg


The Lindner 

CenterClinical Outcomes to 30 Days Stratified by DTB Time:
Pooled Analysis of Four Trials*

0.6

1.6

2.4

4.7

7.6

2.5

5.5

0.7

0

2

4

6

8

10

Death Major Adverse Cardiovascular

Events

< 60 min (n=183)

60-90 min (n=296)

90-120 min (n=304)

>120 min (n=403)

%
 P

a
ti
e
n
ts

Adapted from O’Neill W, et al.  JACC 2005;45:225A*EMERALD, COOL-MI, AMIHOT, ICE-IT



Time from Symptom Onset to Treatment
Predicts 1-year Mortality after Primary PCI

De Luca et al, Circulation 2004;109:1223-1225

The relative risk of 1-year mortality increases by

7.5% for each 30-minute delay

n=1791



The Lindner 

Center
Late Survival by Door-to-Balloon Time

Brodie et al.  JACC 2006;47:289



Our Aggressive 
Goal

ED door to 

balloon inflation 

in the Cardiac Cath Lab in less 

than 90 minutes
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Hitting the goal
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The Lindner 

Center

Monday, November 13, 2006

Hospitals

too slow

on heart 

attacks
Study finds only 35%

React quickly enough

By Steve Sternberg

USA TODAY

Beating the clock
Most hospitals fails to achieve

Optimum door-to-angioplasty

Times of 90 minutes or less

Source:  New England Journal of Medicine

48%

91 to 120 minutes

35%

90 minutes or less

13%    121 to 150 minutes

4% 150 minutes or more



D2B:

An Alliance for 

Quality
A Guidelines Applied in Practice (GAP) Program

JACC 2006;48:1911-12.



D2B Goal

To achieve a door-to-balloon time of </= 90 

minutes for at least 75% of non-transfer 

primary PCI patients with ST-segment 

elevation myocardial infarction in all 

participating hospitals performing primary 

PCI.

As of March 2007, over 800 centers signed up 

as participants.



Disseminating the 

“How”: Evidence-

based Strategies
1.Pre-hospital ECG to activate the cath 

lab

2.ED physician activates the cath lab

3.One call activates the cath lab

4.Cath lab team ready in 20-30 minutes

5.Prompt data feedback

6.Senior management commitment

7.Team-based approach



Challenges/Limitations

 Delays are common

 Relationship with outcome strong

 Disparity is hospital-based

 Time of day/day of week important

 Specialization important

 Pre-hospital ECG rare







Improving the System of Care for STEMI 

Patients



What is Mission: Lifeline?

National initiative to improve quality 

of care and outcomes in heart attack 

patients by improving the health care 

system readiness and response to 

ST-elevated myocardial infarction 

(STEMI) patients. 



STEMI Systems of Care 
Recommendations

http://circ.ahajournals.org/current.shtml

http://circ.ahajournals.org/current.shtml


State of the System

• Approximately 30% of STEMI 
patients do not receive any 
reperfusion therapy (whether by PCI 
or clot busting drugs)

• Up to 20% of STEMI patients are not 
eligible for fibrinolytic therapy, yet 
70% of these patients do not receive 
primary PCI



State of the System
One of the biggest
challenges in 
developing an ideal 
system of care for 
STEMI patients, is the 
inadequate recognition 
by patients and 
bystanders of 
acute MI symptoms 
and the urgency of 
activating EMS and 
calling 911.



State of the System
Only a minority of 
EMS vehicles 
nationwide are 
equipped with 12-
lead ECGs and 
there is little 
information on how 
these ECGs are 
integrated into the 
system of care for 
STEMI patients



State of the System

The current process for triaging, 

evaluating and treating a suspected 

STEMI patient who presents to the 

emergency department includes a large 

number of potentially avoidable delays.



State of the System

Only  a minority of hospitals are PCI-

capable so STEMI patients presenting to 

these hospitals are in need of primary 

PCI must be transferred to another 

Facility.  



State of the System

Currently, primary 

care and specialist 

physicians tend to 

work separately 

rather than in 

integrated networks 

in caring for 

patients with STEMI, 

particularly at entry 

into the medical 

system.



The STEMI Chain of Survival

Ornato, J. P. Circulation 2007;116:6-9



Reperfusion in AMI in Carolina 

Emergency Departments

A Systems Approach To Improve Survival of Patients 

with Myocardial Infarction In North Carolina Through 

Improved Application of Reperfusion Therapy



BOSTON

 In the field ECG

 Diversion of STEMI to closest PCI hospital

 Hospitals will never be on diversion for ST-

elevation MI (similar to trauma center plan)

 Each hospital will perform a minimum of 36 

primary PCI or rescue PCI procedures / year 

 PCI will be performed within 120 minutes of 

hospital arrival (ie, door-to-balloon time of 120 

minutes) in 75% of “ideal” patients

STEMI System



Strategies and Door-to-Balloon Time Saved

 ED physicians activate the cath lab (8.2 minutes)

 Single call to a central page operator activate the lab 

(13.8 minutes)

 ED activate the cath lab while the patient is en route 

to the hospital (15.4 minutes)

 Expecting staff to arrive in the cath lab within 20 

minutes after being paged (vs. >30 minutes) (19.3 

minutes)

 Attending cardiologist always on site (14.6 minutes)

 Having staff in the ED and the cath lab use real-time 

data feedback (8.6 minutes) 

Bradley N Engl J Med 2006;355:2308-2320



Bradley E et al. N Engl J Med 2006;355:2308-2320

Door-to-Balloon Time According to the Number of Key 
Strategies Used



Top Ten List

10.  Use local ambulance to transport pts (within ~50 miles)

9.  Keep patient on local ambulance stretcher

8.  Give heparin bolus (70 U/kg) and no IV infusion

7.  Establish protocol for lytics vs PCI for each ED

6.  Establish single call number to PCI centers that 

"automatically" activates cath lab

5.  Provide standardized feedback reports

4. System for rapid triage of walk-ins, rapid ECGs 

3.  Prehospital ECGs for all CP pts (and ED use them!)

2.  "Certify" all EMTs/paramedics to read ST  on ECGs, 

immediately activate reperfusion (lytics or cath lab)

1.  Create EMS, ED, cardiology team with committed 

leadership



Emergency Cardiovascular Care 2007: 

Building Regional Integrated STEMI 

Systems for Reperfusion

ACC Sponsored Meeting with goal to 

teach and enable teams to establish 

effective regional STEMI 

reperfusion systems

June 1-2, 2007, Washington, DC



Regional STEMI Networks in 

Southern California Reduce 

Door-to-Balloon Times: 

Pooled Data from 4 Counties

Ivan Rokos, MD FACEP

On behalf of the

Southern California STEMI 
Consortium

October 22, 2007 at TCT.07



Background

• ACC D2B Alliance (November, 2006)

– Goal is ≥ 75% rate of D2B ≤ 90 Minutes

– 6 Core Strategies

– Optional: Pre-hospital ECG to activate the 

CCL

• AHA Mission: Lifeline (May, 2007)



Rationale 



Two types of 

STEMI Regionalization

Pre-hospital 

Cardiac Triage 

(PCT)

• EMS identifies STEMI 

& transports directly to 

PCI capable hospital

• Similar to nation’s 

current trauma system: 

sick pts = special care

Inter-Hospital 
Transfer (IHT)

• Spoke hospital 
identifies STEMI & 
transfers immediately 
to PCI capable hospital

• Henry et al, 
Minneapolis, 
Circulation August, 
2007

• Ting et al, Mayo 
Program, Circulation 
August, 2007



Limitations

• No comprehensive baseline data on 

rate of D2B ≤ 90 minute in Southern 

California

• No resources for auditing source 

data

• Database variation across 4-counties

– Tracking pre-hospital ECG time

– Tracking PH-ECG+ patients without PCI

• No clinical outcomes data reported



Conclusions

Regional STEMI Networks

• 85% rate of D2B ≤ 90 minutes (N =699) 

across 4 counties in Southern California
– A metro region with 16.8 million citizens

– 52 designated STEMI Receiving Centers

– Pre-hospital Cardiac Triage focus

• SRC networks exceed the D2B Alliance 

benchmark of 75% rate of D2B ≤ 90 

minutes

• 71% rate of E2B ≤ 90 minutes (N=331)



The Lindner 

Center

Regionalized Care for Patients with ST-Elevation

Myocardial Infarction
It’s Closer Than You Think

Alice K. Jacobs, MD

Editorial

Circulation 2006;113;1159-61



Questions


